Introduction
Whilst it is widely accepted that silvicultural systems for natural forest must be grounded in a sound understanding of natural forest dynamics, recent developments in conservation biology suggest that this understanding is also a requirement for the successful management of protected forest areas. Many valued forest communities are early-or mid-successional assemblages. Managers may need to protect minimum dynamic areas, manipulate the magnitude and frequency of disturbance, and facilitate natural regeneration. In this chapter, we outline key aspects of the dynamics of subtropical montane Quercus forests of the Sierra de Manantlán, a Biosphere Reserve situated in western [103] [104] . This is a Quercus species-rich area, with 31 species so far recognised for the region (Vázquez-García et al. 1995) , co-occurring in large congeneric associations but also intermingled with non-Quercus broadleaved and pine species. There are two main Quercus assemblages found at different altitudes across the Sierra de Manantlán (Cuevas-Guzmán et al. 1997 ): 1. a dry oak forest ecosystem (400-1,500 m above sea level, a.s.l.), characterised by deciduous trees up to 15 m tall; typical oaks in this system are Quercus castanea, Q. glaucescens, Q. magnoliifolia and Q. rugosa; 2. a sub-deciduous oak forest ecosystem (above 1,500 m a.s.l.), characterised by semi-deciduous, 20-35 m tall trees, including Quercus crassipes, Q. candicans, Q. acutifolia and Q. laurina.
In this chapter, we review the dynamics of sub-deciduous oak forests in the Sierra de Manantlán. We examine whether there are distinct assemblages of Quercus and other species, and whether successional changes occurred in their structure and composition over an 11-year period. We review the role which regeneration dynamics may play in driving change. Our investigations have enabled us to formulate management guidelines for conservation or silvicultural purposes. Our analysis is based on long-term data from a network of 105 permanent sample plots (psps, 500 m 2 each), located in the south-eastern sector of the Sierra de Manantlán Biosphere Reserve.
The plots are scattered over an area of approximately 4,000 ha, at altitudes of 2,020-2,250 m. Thirty-two plots were established in 1991, 28 in 1994, and 45 in 1998. These have been re-enumerated approximately every 4 years since 1991. We have followed a standardised inventory protocol (Olvera-Vargas et al. 1996) within the plots, measuring all individuals in three size classes: seedlings (individuals <1.30 m tall), saplings (individuals >1.30 m tall and having <5 cm diameter at breast height, DBH), and adult trees (≥5 cm DBH and ≥1.30 tall). In addition, a detailed characterisation of the forest environment in the vicinity of the plots was conducted.
Spatial Variation in Floristic Composition
Over the last decade, one major focus in community ecology research has been the study of processes which control the distribution and abundance of species. Niche differences including trade-offs between dispersal and competitive abilities have been used to account for high-diversity assemblages (Tilman 1988 (Tilman , 1994 ) but many of the patterns generated by such processes can equally well be explained by neutral theories (Bell 2001; Hubbell 2001) . Highaltitude Mexican oak forests provide a valuable testing ground for these ideas. The oaks found here form a large congeneric set of species with similar lifehistory traits and limited dispersal ability. We analysed whether tree species composition was strongly related to habitat type or simply reflected stochastic drift from place to place.
In our inventory, we identified 38 tree species (including nine species of Quercus) from 28 genera and 22 families. The richest genus was Quercus, with relative frequencies (at plot level) varying in the range 0.94-100 %.
We carried out an ordination of plot data using non-metric multidimensional scaling (NMDS), a rank-order multivariate technique (Prentice 1977) based on Bray-Curtis (Sørensen) dissimilarity. This analysis revealed two groups of plots (Fig. 28.1) . In one group, species such as Quercus crassipes, Prunus serotina, Pinus leiophylla and Alnus jorullensis are the most abundant taxa. The second group is dominated by species such as Q. candicans, Q. laurina, Q. gentryi and Q. scytophylla, intermingled with other broadleaved
